While man worries over the impact of an ever increasing global demand for energy on natural resources and the environment, photosynthetic organisms quietly go about the task of using sunlight to fuel the conversion of simple compounds into biomass. At the heart of the photosynthetic process lies a truly fundamental biological reaction in which light energy is converted into chemical energy.
The processes catalysed by the reaction centre have been the subject of intense study over the last 30 years, through the application of a bewildering array of spectroscopic, genetic, crystallographic and biochemical techniques [2, 3] . At the present time, the best understood reaction centre is that from the purple photosynthetic bacterium Rhodobacter sphaeroides, which represents a relatively simple variation on the general theme [4] . A summary of the structure of the R. sphaeroides reaction centre is shown in Box 1. The basic feature of light energy transduction is the transfer of an electron from a 'special pair' of bacteriochlorophyll molecules located on one side of the membrane to a molecule
Box 1
The Rhodobacter sphaeroides reaction centre.
(a) The R. sphaeroides reaction centre is an integral membrane protein consisting of three subunits. The L and M subunits each have five transmembrane alpha helices, and are related by an axis of pseudo two-fold symmetry. The protein subunits encase ten cofactors, shown in green. (b) The reaction centre cofactors. The bacteriochlorophyll (P A , P B , B A and B B ), bacteriopheophytin (H A and H B ) and ubiquinone (Q A and Q B ) cofactors consist of a redox active 'head' group, and a long hydrocarbon 'tail'. These tails have been removed in this figure so that the arrangement of redox centres can be seen more clearly. In addition, the reaction centre contains a molecule of carotenoid (Crt) and a non-haem iron (Fe). The donor of electrons is the first singlet excited state of a 'special pair' of bacteriochlorophyll molecules (P A and P B ) located close to one side of the membrane. This excited state is created either by direct absorption of light by the special pair of bacteriochlorophylls, or by the transfer of energy from the other reaction centre pigments or from a large network of bacteriochlorophyll and carotenoid molecules located in other membrane-bound pigment-proteins called light-harvesting complexes [10] . Electron transfer occurs in 3-4 psec from the special pair to a molecule of bacteriopheophytin (H A ) located half way across the membrane dielectric; this reaction probably proceeds via the intermediate monomeric bacteriochlorophyll B A . The electron is then passed on in 200 psec to the Q A ubiquinone, which is tightly bound to the reaction centre, and then to the Q B ubiquinone in ~100 sec. Reduction of the Q B ubiquinone is linked to protonation of the molecule, and full reduction of Q B requires two turnovers of the reaction centre, electrons then leaving the reaction centre in the form of the electroneutral, doubly reduced ubiquinol (QH 2 ). The special pair cation is reduced by a water soluble c-type cytochrome (not shown), and the oxidised cytochrome and QH 2 thus created by the reaction centre act as oxidant and reductant for a second integral membrane protein, the cytochrome bc 1 complex (also not shown). The net result of this light-driven cycling of electrons is the movement of protons across the membrane, generating an electrical and pH gradient that can be used to drive processes such as ATP synthesis and solute transport.
of ubiquinone located on the opposite side of the membrane, a process that generates an electrical potential across the photosynthetic membrane and is known as 'charge separation' [3] .
It has been known for some time that structural changes accompany the transfer of an electron from one side of the photosynthetic membrane to the other. In order to investigate these structural changes, Stowell et al. [1] froze R. sphaeroides reaction centres to cryogenic temperature (approximately 90 K) in the dark or under continuous illumination, and then in each case determined the atomic structure of the reaction centre using X-ray crystallography. The rationale behind the experiment was that reaction centres cooled in the dark are in the neutral state whereas reaction centres cooled in the light are in the charge-separated state, an electron having been translocated from the special pair of bacteriochlorophylls to the Q B ubiquinone (see Box 1). Two atomic structures were obtained by these procedures, a 'dark structure' at 2.2 Å resolution for the neutral reaction centre, and a 'light structure' at 2.6 Å resolution for the reaction centre in the charge-separated state. The principal difference between these two structures was the position of the Q B ubiquinone, which is a mobile cofactor responsible for the passage of electrons from the acceptor side of the reaction centre to the cytochrome bc 1 complex.
A summary of the change in position of the Q B ubiquinone observed by Stowell et al. [1] is shown in Figure 1 . In the dark structure, the position of the Q B headgroup is similar to that which has been reported for Q B in the trigonal crystal form of the R. sphaeroides reaction centre [5] , giving a rather asymmetric arrangement for the Q A and Q B ubiquinones (Figure 1a ). In the light structure, the head group of the Q B ubiquinone is embedded some 4-5 Å deeper into the Q B binding pocket, bringing it closer to the non-haem iron and the Q A quinone, and making the geometry of the two ubiquinones much more symmetrical. Stowell et al. [1] also point out that in achieving this change in geometry the asymmetric head group of the Q B ubiquinone has also undergone a 180° 'propeller twist'.
The observation of movement of the Q B ubiquinone in response to illumination helps to clarify some of the variations in position of this cofactor in the half dozen or so structures that have been reported for the reaction centre over the last ten years [1, [4] [5] [6] [7] . It also goes some way in explaining an observation in the literature that has intrigued researchers for a number of years. In 1984, Kleinfeld and co-workers [8] reported that the millisecond-timescale electron transfer from Q A -to Q B was blocked in reaction centres that had been cooled in the dark, but was active in reaction centres cooled in the light. Stowell et al. [1] propose that electron transfer is inhibited in reaction centres frozen in the dark because the Q B ubiquinone adopts the more peripheral position depicted in Figure 1a , and is too far from the Q A ubiquinone for efficient electron transfer to occur. In the light structure, however, the Q B ubiquinone is much closer to Q A and the intervening protein residues, and so efficient electron transfer can take place. Rotation and movement of the Q B ubiquinone deeper into the body of the protein is considered to be a prerequisite for the transfer of an electron from Q A -to Q B , the activation energy of the reaction being a measure of the energy required for the structural rearrangements associated with this twisting movement [1] . The nature of these structural rearrangements is not yet fully understood, and probably involves the breaking and creation of hydrogen bonds together with the movement of adjacent protein residues, as there does not seem to be sufficient space to freely rotate the head group of the ubiquinone within the Q B binding pocket.
The work described by Stowell et al. [1] also represents a significant increase in the resolution of the structure of the R. sphaeroides reaction centre. Previously, structural data had been obtained from two crystal forms of the protein, orthorhombic and trigonal, with the highest resolution (2.6 Å) being obtained with the latter [5] . The data of Stowell et al. [1] were obtained with a new tetragonal crystal form [9] , which gave a resolution of 2.2 Å for reaction centres cooled in the dark. In particular, this improvement in resolution has allowed a much larger number of water molecules to be identified within the structure, and this will help in our understanding of the role water plays in the operation of this integral membrane protein. Stowell et al. [1] focus in particular on water channels that link the Q B binding pocket to the aqueous phase at the surface of the protein, and discuss the role played by these water channels in facilitating the protonation reactions that accompany reduction of the Q B ubiquinone. One such channel is also evident in the structure obtained from the trigonal crystal form of the reaction centre, described in detail in [5] , and is seen in Figure 1 as a series of water molecules extending vertically from the Q B binding pocket.
The bacterial reaction centre provides a fascinating insight into how evolution took advantage of the free energy provided by the sun to fuel the natural world. The work of Stowell et al. [1] provides new and intriguing insights into the dynamic events that accompany the operation of this compact and highly efficient biological solar battery.
